III. 5-Fluorouracil is fully effective in inhibiting photoperiodic induction only if applied during the inductive dark period. This is true even of 5-fluorouracil application to the apical bud. It appears, therefore, that something essential to induction takes place in the bud during the exposure of the leaf to an inductive dark period.
IV. 5-Fluorouracil inhibition of photoperiodic induction is reversed by applying orotic acid. The hypothesis is suggested that photoperiodic induction involves nucleotide metabolism, possibly nucleic acid synthesis. (24) they are known to produce manifold effects on cellular metabolism, including increases in respiratory rate (1, 3, 21) . Auxins, however, have no promotive effect on the activity of isolated mitochondria (3, 17, 23) .
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Switzer (23) has demonstrated that mitochondria isolated from soybean seedlings sprayed with the synthetic auxin and herbicide 2,4-D3 exhibit increased oxidative and phosphorylative activity. He concluded that 2,4-D had formative effects leading to the isolation of particles that retained more of their original (in situ) activity. It appears, however, that an equal-PLANT PHYSIOLOGY ly plausible explanation would be that the auxin had initiated biochemical syntheses leading to mitochondria which were more efficient in oxidative phosphorylation.
In the experiments reported here the effect of 2,4-D on the mitochondria of soybean seedlings has been investigated further. The auxin induced a growth of the mitochondria as indicated by changes in composition, by increased size, and by increased phosphorylative activity.
MATERIALS AND METHODS
The procedures for pretreating mitochondria with RNase are reported (9) . Details appear in table VI.
Estimates were made of mitochondrial respiration in situ by referring tissue respiration to mitochondrial content as previously described (12) , except that the washed mitochondria were analyzed for total N rather than protein. Analyses (10) .
Analysis of the mitochondria has also been described (9, 10 was removed, thoroughly rinsed with deionized water, digested with nitric acid in porcelain capsules, and the radioactivity determined.
ELECTRON MICROSCOPY: Isolated and oncewashed mitochondria were fixed, dehydrated, embedded, sectioned, and viewed as previously described (12) . RESULTS 
MORPHOLOGICAL EFFECTS OF 2,4-D:
The miiorphological effects produced by the 2,4-D on soybean seedlings are illustrated in figure 1, and described quantitatively in terms of length and weight in table I. The morphological changes in root and hypocotyl proved to be correlated with changes in mitochondria, and the different tissues selected for study are indicated in figure 1 . Detailed anatomical descriptions of comparable changes in beans are given by Beal (2) and Eames (5) .
The 2,4-D strongly inhibited the elongation of root and shoot, and the straightening of the hypocotyledonary hook. Normal meristematic activity at the root tip ceased, and the tissue immediately back of the tip swelled. A comparable inhibition occurred in the meristematic and expanding zones above and below the cotyledons. The hypocotyl below the hook exhibited pronounced swelling. Microscopic observation of cross sections of this swollen region showed no initiation of cell division. The swelling is due to cell expansion; the mean diameter of cells in the middle portion of the hypocotyl cortex increased fromi 77 A in the control to 123 u in the 2,4-D treated cortex. Beal (2) reports no cell division in beans until after 48 hrs following 2,4-D application.
The fresh and dry weight data of table I show that hypocotyls of the 2,4-D-treated seedlings were growing. although abnormally. (12) .
Only the relative phosphorylative efficiencies were estimated with root tissue. The more mature tissue had Pacc/O ratio double that of the apical tissue. In both apical and maturing tissue the 2,4-D induced a higher Pacc/O. The apical sections of the root used differ from those of the shoot in having tissue swelling (fig 1) : the increase in phosphorylative efficiency which acconmpanies swelling might be expected.
The immediate effects of 2,4-D on the respiration and phosphate uptake by apical and maturing sections of control soybean hypocotyl are shown in table IV. One interesting point illustrated by these data is that the apical section shows a lag in its respiratory response to 2,4-D while the maturing section shows a rather large immediate increase in respiration. The efficiency of phosphate uptake was little affected. It appears that the immediate effect of 2,4-D on in situ mitochondria is to be distinguished from the effects which accompany growth or the inhibition of growth (cf. Figure 2 shows representative profiles of mitochondrial pellets from 2,4-D and control hypocotyl tissue. The 2,4-D treatment produced swollen mitochondria with less evident internal structure. Swelling apparently reduced the invaginations of the inner membrane thought to produce the cristae (16) . "Swelling" is used here as a purely descriptive term to denote the change in size and shape. The swelling appears to result from growth, not from a simple osmotic entry of water, in that it is characterized by increasedl activity of the mitochondria (table II) . The correlation, of course, may be fortuitous. Some comparative observations were made on mitochondria in fixed tissue; the in situ mitochondria also show swelling induced by 2,4-D. No significant changes in mitochondrial morphology were noted to result from 2,4-D in the apical region. (table  V) . Two general conclusions can be drawn from the data: normal cell growth and maturation are ac- (11) .
The growth of mitochondria might explain the increases in tissue respiration whliclh follow auxin application after a lag period (7. 20) . There are observations of respiratory increases in isolated tissue (e.g. table IV), however, which occur shortly after application, much in the fashion of those induced by DNP, and before any appreciable growth occurs (6) . Indeed, root respiration will increase with auxin conicentrations inhibitory to growth and salt uiptake (15) . These increases have been explained bv postulating that auxins cause a rapidc utilization of ATP in en(lergonic growth processes. increasing the ADP an(l in turn, the respiration rate (4. 6). The analyses of Marre and Forti (14) by simply making more total adenosine phosphates available, or by activating the respiratory enzyme system through its effect on the reduction of glutathione and ascorbic acid as suggested by Marre and Arrigoni (13) .
SUM MARY
Soybean seedlings were sprayed with 2,4-dichlorophenoxyacetic acid; the respiratory activity of the mitochondria from swelling and inhibited tissues was compared with comparable untreated tissue. Tissue swelling was accompanied by increases in phosphorylation and oxidation. Inhibited tissues contained inhibited mitochondria. Studies of tissue respiration and phosphate accumulation indicated that the mitochondrial changes obtain in situ.
Electron micrographs showed the active mitochondria from swelling tissue to be larger and swollen in appearance. During growth these mitochondria increased in acid-soluble nucleotides, phospholipides, andi possibly in ribonucleic acid. The increased phosphorylation could be almost completely uncoupled with ribonuclease, and exogenous adenosine monophosphate was not required for maximum substrate oxidation.
Normal growth of soybean tissue involved an increase in mitochondrial activity.
It is concluded that the growth induced by auxins.
synthetic or natural, involves a growth of the mitochondria. It is postulated that this growth is regulated through nucleotide metabolism.
